Introduction
The use of antibiotics as growth promotants in livestock feeds has stimulated a great deal of research on the development of antibiotic resistance in bacteria from the intestinal tract. Numerous studies with enteric bacteria have shown that the use of antibiotics at subtherapeutic levels in feeds increases the relative proportions and prevalence of antibiotic resistance in facultative bacteria in swine feces (Smith, 1968; Siegel et al., 1974; Linton et al., 1975; Solomons, 1978; Langlois et al., 1978b) . As a result of these studies and the concern about the health hazards associated with antibiotic resistant bacteria, some countries have restricted the use of antimicrobial agents in livestock feeds (Kiser, 1976; Braude, 1978) .
Little information is available on the effects of antibiotics on the anaerobic bacteria that make up a major part of the intestinal bacterial population. Survey studies suggest that the inclusion of antibiotics in feeds may increase tetracycline resistance and multiple resistance in anaerobes from the feces of swine (Ahart et al., 1978; Rood et al., 1978; Welch and Forsberg, 1979) . Resistance is associated with a wide variety of anaerobic bacterial genera (Barnes and Goldberg, 1962) . Increased resistance in intestinal anaerobes may be important in view of demonstrated in vitro resistance transfer between anaerobic species and facultative enteric organisms (Mancini and Behme, 1977; Guiney and Davis, 1978; .
Strict anaerobic techniques were used in this study to examine the prevalence of antibiotic resistance in anaerobic and coliform bacterial 123 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 1, 1984 populations in the intestinal tract of swine from two herds; a low resistance herd that had not received antibiotics for 8 yr and a high resistance herd that routinely received antibiotics in the feed for a similar period. In addition, the effects of therapeutic and subtherapeutic administration of chlortetracycline on bacterial resistance were examined in an 85-d feeding trial using pigs from both herds in a common production facility.
Materials and Methods
Animals. Forty pigs from each of two herds were used. The low-resistance (LR) herd was a closed herd of Specific-Pathogen-Free Yorkshire pigs that had not been fed or therapeutically treated with antibiotics for 8 yr (Langlois et al., 1978a) . The high resistance (HR) herd contained Yorkshire-Hampshire crossbred pigs that routinely had been fed antibiotic-containing (mainly chlortetracycline) feeds for a similar period and were exposed to antibiotics for treatment purposes. Previous studies of pigs in these herds have shown higher proportions of resistant fecal coliforms in pigs from the HI( herd (Langlois et al., 1978a,b) . Pigs used in this study were from 7 to 9 wk in age and had an average weight of 16 kg at the beginning of the study. To ensure that microbiological measurements reflected herd differences and not differences in diet, all pigs assigned to this study were maintained on an antibiotic-free diet before the initiation of the study.
All pigs were housed four to a pen in a common test facility located approximately 322 km from the research farm used to maintain and isolate pigs in the LR herd. This test facility was located adjacent to the facilities used for pigs from the HR herd. Stress effects associated with transportation to the test facility were equalized by loading pigs from each herd on separate sanitized trucks and transporting them approximately 322 km before housing them in the test facility. The building was a naturally-ventilated swine production facility equipped with 50% slatted floors. This newly constructed facility had not been previously used for pigs.
Pigs from within a herd were assigned randomly to pens from outcome groups based on weight within sex. Pigs from the same herd and in similar treatment groups were placed in adjoining pens. An empty pen (1.2 m wide) separated each herd and treatment group. Pens were not entered during the experimental period except by individuals who wore disposable plastic boots. Boots were changed between pens. These precautions minimized bacterial transfer via direct animal contact or fecal contamination. The test facility was not designed for complete isolation of treatment groups, but provided an environment similar to that commonly found in swine production systems.
Treatments. During an initial 20-d adjustment period all pigs received an antibiotic-free basal diet (16% protein) that contained corn, dehulled soybean meal, vitamins and minerals. Three pens from each herd were then assigned to one of three treatment groups. Three pigs in the 10th pen from each herd were killed at the beginning of the study. Pigs in the control groups received the antibiotic-free basal diet during the 85-d treatment period that followed the adjustment period. The subtherapeutic treatment group received the basal diet supplemented with 27.5 #g chlortetracycline (CTC)/g of feed during the 85-d treatment period. The therapeutic treatment group received the basal diet supplemented with 220 /ag CTC/g of feed during the first 14 d of the treatment period and then received the antibiotic-free basal diet for the remaining 71 d of the treatment period.
Samples. Initial cecal and colonic samples were collected from three pigs from each herd group within 24 h after these pigs arrived at the test facility. Pretreatment samples (d 0 samples) were collected in a similar manner from randomly selected pigs after the 20-d adjustment period. During the treatment period, samples were collected from two randomly selected pigs in each herd treatment group after therapeutic antibiotic treatments were discontinued (d 14) and after 85 d on treatment. In all, 18 of the 40 pigs from each herd were killed.
Cecal and colonic samples were collected from pigs that were individually caged and transported (approximately 8 km) from the test facility to a slaughter, facility located in the same building as the analytical laboratory. Pigs were electrically stunned, killed by exsanguination and sampled within 1 h after transport. Immediately after death, 25-g segments (tissue and contents) of the intestinal tract located at the tip of the cecum and the apex of the spiral colon were aseptically ligated, placed in separate, preweighed, sterile blender jars, transported to the laboratory and placed in an anaerobic chamber 4 with an atmosphere of 10% C02: 5% H2: 85% N2. Prereduced anaerobic dilution solution (Bryant and Burkey, 1953) was added to each blender jar to produce an initial 1:10 dilution (w/v). Material in the jars was blended for 2 min and serially diluted with anaerobic dilution solution in the anaerobic chamber. Sealed dilutions were removed from the chamber for inoculation of anaerobic roll tubes and aerobic pour plates.
Roll tubes were prepared and inoculated under a CO2 gas phase using a modification of the Hungate technique to maintain strict anaerobic conditions (Bryant, 1972) . Anaerobic bacteria were enumerated in five replicate, 18-• 15-mm culture tubes containing 7 ml of an anaerobic, total count medium (designated medium CCA) prepared with energy-depleted bovine rumen fluid as indicated by Allison et al. (1979) . Each of five tubes was inoculated with .1 ml of an appropriate dilution of each intestinal sample. Colony-forming units were counted after 5 d of incubation at 38 C. The CTC-resistant anaerobic bacteria were similarly enumerated in roll tubes containing CCA medium supplemented with 25 ~g CTC/ml medium. The log10 counts for each sample represent the mean values obtained from at least three roll tubes. Tubes that had pink colored media or substantially fewer colonies than the other tubes in the replica set (greater than a 50% reduction in count) were assumed to be oxidized and were not used to calculate the mean count. Coliforms (lactose-positive enteric bacteria) and CTC-resistant coliforms were enumerated on MacConkey agar plates using the pour plate procedures described by Langlois et al. (1978a) . The percentages of CTC-resistant organisms were determined by dividing the mean counts obtained on antibiotic-containing media by the mean counts obtained on media without antibiotics and multiplying by 100. Dry weights were determined for each sample after drying a 50-ml aliquot of the first dilution at 105 C for 12 h.
Because no statistically significant treatment differences or interactions were noted in the mean anaerobic count, mean coliform count and percentages of CTC-resistant bacteria in samples taken from the cecum and colon, 4Coy Laboratory Products, Ann Arbor, MI. results of samples taken from these two sites were combined for all other analytical procedures. Herd comparisons were made with animals fed the control diet using the variance procedures provided in the General Linear Model and the Dunnett's two-tailed t-test procedures in the programs of the Statistical Analysis System (SAS, 1979) . These statistical analyses indicated that the microbial populations within these two herds were different (P<.05). For this reason, the effects of antibiotic treatment on each herd were analyzed separately using similar variance and t-test procedures. Bacterial counts and proportions of coliforms in the anaerobic populations were subject to log transformation before statistical analysis. Percentages of resistant organisms were not transformed before analysis.
Results
Initial and pretreatment samples were used to compare the intestinal bacterial populations in pigs from the LR and HR herds. No differences between herds were observed in the total anaerobic count, total coliform count or the percentages of coliforms resistant to CTC during the initial sampling period (table 1). The percentages of CTC-resistant anaerobes were greater (P<.05) in pigs from the HR herd, while the percentages of CTC-resistant coliforms tended to be greater in pigs from the LR herd. At the end of the 20-d adjustment period (pretreatment samples), the percentages of resistant anaerobes and resistant coliforms were greater (P<.10) in pigs from the herd receiving antibiotics (HR). The higher percentages of resistant anaerobes and the greater anaerobic count observed in pigs from the HR herd during the pretreatment sampling indicate that there was a greater number of resistant bacteria in the HR herd than in the LR herd.
The relative changes in CTC-resistance of anaerobic and coliform populations in pigs from the LR and HR herds on an antibiotic-free diet during the 85-d trial are shown in table 2. Herd differences (P<.05) in the percentage of resistant anaerobes were noted only at d 0 and 14 (34 d after the pigs entered the test facility). By d 85, resistance in anaerobes from the LR pigs had increased to levels that were not different (P>.05) from those in HR pigs. Percentages of resistant coliforms were lower in LR pigs only in the d 0 samples and were highly variable at d 14. No herd differences were noted in the percentages of resistant coliforms by d 85. e'fMeans in the same column within periods with different superscripts differ (P<.05).
Herd differences (P<.05) were also noted in the composition of the bacterial populations in the large intestine. These differences were measured by comparing the proportions of coliforms in the anaerobic populations. Coliform counts consistently made up less than .1% of the anaerobic population. Pigs from the LR herd consistently had higher proportions of coliforms on d 0 and 14. However, by d 85 the proportion of coliforms in anaerobic populations from the two herds were similar.
The effects of feeding therapeutic and subtherapeutic levels of CTC on the intestinal microflora of pigs from the LR and HR herds were examined during a 85-d feeding trial. During this period, the total anaerobic counts in LR pigs were not altered by antibiotic treatment on d 14 or 85 (table 3) . Coliform counts in antibiotic-treated animals were not different (P>.05) from those in temporal controls at d 14 and 85, but administration of subtherapeutic levels of CTC decreased the coliform counts relative to those in animals in the pretreatment (d 0) period. Similar changes were not seen with pigs receiving the therapeutic treatment.
By d 14, therapeutic treatment resulted in an increase (P<.05) in the percentages of resistant coliforms and resistant anaerobes over controls, while subtherapeutic treatment resulted in an increase (P<.05) in only the percentages of resistant coliforms. Resistance in anaerobic bacteria tended to respond to antibiotic treatment in a dose-related fashion, but was different (P<.05) only at therapeutic levels of CTC. Antibiotic treatments tended to decrease the percentages of resistant coliforms relative to temporal controls by d 85. Similar decreases were not seen in the anaerobic population.
In the HR herd, both anaerobic and coliform counts in animals fed the unmedicated diet (control) varied from period to period (table 4) . Antibiotic treatments had no effects (P>.05) on either coliform or anaerobic counts by d 14, but did decrease anaerobic counts relative to the temporal controls by d 85. In contrast, coliform counts were increased by subtherapeutic administration of antibiotics when compared with those of the temporal control on d 85. The percentages of CTC-resistant anaerobes decreased in the control and antibiotic treatment groups during the 85-d trial, but antibiotic treatment had no effects on these percentages. The percentages of resistant coliforms in the HR herd were highly variable during the feeding trial and were not altered (P>.05) by antibiotic treatment.
Discussion
The sampling techniques used during this study were very time consuming and did not allow for sampling of large numbers of pigs. Despite these drawbacks, significant differences were found in the percentages of resistant anaerobes and coliforms in the bacterial populations among pigs from the two herds and among pigs subjected to the three antibiotic treatment groups.
The high initial resistance level in coliforms from the LR pigs was unexpected because similar resistance levels had not been seen in fecal coliforms during the 8-yr period since antibiotics were removed from the diet of LR pigs (Langlois et al., 1978a,b) . The high incidence of resistance in coliforms during the initial sampling period was not reflected in the anaerobic population or in coliform populations sampled at the end of the 20-d adjustment period, and was possibly related to transportation stress resulting from the 322-km trip to the test facility. Similar transportationrelated phenomena have been seen in other studies of CTC-resistance in bacteria in feces of swine from these same herds and have been suggested in studies of antibiotic-resistant coliforms (Langlois et al. 1978a ) and salmonella (Williams and Newell, 1970) . However, this phenomenon has not been studied in a carefully controlled experiment and is currently under investigation in our laboratory. This increase in resistance was not observed in intestinal bacterial populations during the relatively short trip from the test facility to the slaughter facility.
Differences in the resistance level of the bacterial populations in pretreatment (d 0) samples apparently reflect the history of antibiotic exposure in these two herds and the selective effects of antibiotics on intestinal bacteria before the time this study was started, because none of the pigs used in this study received antibiotics before the treatment period. Langlois et al. (1978a) have shown that the percentage of CTC-resistant coliforms in the feces of pigs from the LR herd decreased from more than 90% at the time of antibiotic withdrawal to less than 60% after 5 yr of withdrawal. Resistance in coliforms remained at high levels during the same period in pigs from the HR herd, which routinely received antibiotics. Other investigators report similar changes with restricted antibiotic use (Larsen and Nielson; , Langlois et al., 1978a while some suggest that decreases in resistance in fecal coliforms with restricted use of antibiotics are small or insignificant (Smith, 1975 data support the hypothesis that resistance levels in both anaerobic and coliform populations in the intestinal tract are decreased by minimizing exposure to antibiotics. Percentages of resistant anaerobes and coliforms in pigs from the LR herd on the antibiotic-free diet increased to values comparable with those found in the HR herd by the end of the 85-d trial. Similar changes have not been seen in other studies of resistance in fecal coliforms from LR pigs in isolation (Langlois et al., 1978a) , and other investigators suggest that resistance tends to decrease with age (Sogaard, 1973; Wierup, 1975) . For these reasons, we suspect that these increases in antibiotic resistance were due to environmental factors and were brought about by management practices and the failure of our production-simulating facility to provide complete isolation of herd and treatment groups. Although direct contact between pigs from these two herds was strictly controlled, some bacterial transfer between groups may have occurred. Bacterial transfer could have resulted in the displacement of the low resistant bacterial populations in pigs from the LR herd by the end of this study. Such transfer could possibly account for the increased resistance observed in LR pigs and the similarities in the composition of population in both herds at d 85 (table 2) . Transfer of resistance between animals has been suggested by other investigators (Bulling and Stephan, 1971) and may be important in the establishment of resistance in animals not directly exposed to antibiotics.
High resistance levels in HR pigs at the beginning of the study were maintained even though the pigs used in this study had not been directly exposed to antibiotics before the treatment period. Exposure of HR pigs to antibiotics during this study did not result in further selection of resistant strains and no significant increases in the percentages of CTCresistance were seen in the intestinal tract. In contrast, pigs from the LR herd did not have a history of antibiotic exposure and initially had lower percentages of resistant organisms in the intestinal tract. Exposure of these pigs to antibiotics resulted in an increase in the percentages of resistant coliforms and anaerobes by d 14. Selection of such resistant populations in the presence of antibiotics is consistent with observations made in studies of fecal bacteria (Smith and Crabb, 1957; Fuller et al., 1960; Smith, 1968; Mercer et al., 1971; Siegel et al., 1974; Langlois et al., 1978b) .
Both therapeutic and subtherapeutic antibiotic treatments tended to increase CTCresistance in anaerobe and coliform bacterial populations from LR pigs by d 14. However, increases were greater in pigs receiving the therapeutic treatment. The data obtained after 14 d of treatment (table 3) suggest that the use of therapeutic antibiotics in swine results in resistance levels equal to or greater than those seen during the administration of subtherapeutie antibiotic.
All pigs examined in this study had measurable populations of resistant orgamisms in both the anaerobic and coliform populations. The numbers of resistant anaerobes were consistently 3 to 4 logs greater than the numbers of resistant coliforms. There was no correlation between the percentages of resistant coliforms and the percentages of resistant anaerobes. This lack of relationship suggests that the percentage of resistant coliforms is not always a representative measure of resistance in other intestinal bacteria and may not be an appropriate indicator of antibiotic effects on the predominant intestinal microflora.
Our study suggests that resistance in anaerobic populations is subject to many of the same pressures from antibiotic feeding that have been observed in studies of fecal coliform populations. As in coliform studies, resistance levels were greater in anaerobic populations of pigs that had been continuously exposed to antibiotics. In our study, increased antibiotic resistance in anaerobic bacteria has not been associated with any particular group of bacteria and the nature of resistance in these bacteria has not been examined. The potential for plasmid-mediated resistance transfer between anaerobes and coliforms has been demonstrated in vitro (Butt and Woods, 1976; Mancini and Behme, 1977; Guiney and Davis, 1978; . It is not known if similar transfer can occur in vivo or if such transferable resistance plays a role in the increased CTCresistance observed in intestinal anaerobes in animals fed antibiotics. Research is currently underway to further characterize CTCresistance in intestinal bacteria and to evaluate the role of anaerobes in transferable drug resistance.
